We previously compared outcomes after allogeneic peripheral-blood stem cell (PBSC) and bone marrow (BM) transplantation in 706 patients with leukemia. We obtained long-term follow up on 413 of 491 patients who were alive at the time of the initial report: 141 PBSC and 272 BM recipients. Chronic graft-versus-host disease (GVHD) was more frequent after PBSC compared to BM transplantation (RR 1.65, P < .001) yet relapse rates were similar in both groups. Leukemia-free survival rates were higher after PBSC than BM transplantation for patients with advanced chronic myeloid leukemia (33% versus 25%) but lower for those in first chronic phase (41% versus 61%) due to higher rates of late transplant-related mortality. Leukemia-free survival was similar after PBSC and BM transplantation for acute leukemia. These data represent the early experience with PBSC grafts. 
Introduction
Despite numerous reports comparing transplantation of peripheralblood stem cells (PBSCs) and bone marrow (BM), long-term results of PBSC transplantation remain largely unknown. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] All studies confirm rapid hematologic recovery but data on other end points are less consistent, possibly because of variable periods of follow-up. Most studies have reported a higher risk of chronic graft-versus-host disease (GVHD) with PBSCs, and it is uncertain how this will affect the risk of leukemia relapse or late mortality. Studies indicating a survival advantage with PBSC grafts generally included patients with advanced leukemia; a convincing survival advantage for good-risk patients is not well documented.
In an earlier report, we described higher rates of chronic GVHD after PBSC transplantation but lower transplant-related mortality (TRM) and higher leukemia-free survival (LFS) after PBSC versus BM transplantation for acute leukemia in second complete remission (CR) or chronic myeloid leukemia (CML) in second chronic phase (CP) or accelerated phase (advanced leukemia). 1 The median follow-up in that study was 12 months. This report updates that cohort with median follow-up now more than 6 years, allowing better assessment of late outcomes.
Patients, materials, and methods

Patients
Our earlier report described 536 BM and 288 PBSC HLA-matched sibling donor transplantations done in during 1995 and 1996 for patients at least 20 years of age with acute leukemia or CML. 1 Outcomes were compared in 462 and 244 of these recipients of BM and PBSC transplants, respectively, who had complete data for prognostic significant variables and posttransplantation outcomes. Follow-up analysis is limited to transplantation teams who provided extended follow-up data on more than 90% of their surviving patients; 100 of 706 (14%) patients in the initial report, transplantations done in 20 centers, did not meet this criterion and were excluded. Consequently, the current report compares outcomes after 398 BM and 208 PBSC transplantations. At the time of our initial report, 318 BM and 173 PBSC recipients were alive. Follow-up information beyond our initial report was available for 272 of 318 (86%) and 141 of 173 (82%) recipients of BM and PBSC transplants, respectively. The median follow-up of the current study population is 84 months (range, 5-120 months) and 76 (range, 3-110 months) months after BM and PBSC transplantation, respectively. There were no differences in overall survival between patients undergoing transplantation in centers with and without extended follow-up.
Statistical methods
The study examined the following outcomes: chronic GVHD, TRM, relapse, treatment failure (death or relapse), and overall mortality. End points and details of statistical methods were described previously. 1 Outcomes after BM and PBSC transplantation were compared using Cox proportional hazards regression with the variable for graft type maintained in all steps of model building and the final model. 12 Other variables considered in the analysis were age, sex, performance score, disease type and status at transplantation, white cell count at diagnosis, time interval from diagnosis to transplantation, use of total body irradiation (TBI) for conditioning, and type of GVHD prophylaxis. All analyses were performed as previously described using SAS version 9.1 (SAS Institute, Cary, NC). 1
Results and discussion
Patient, disease, and transplant characteristics were summarized in Table 1 of our previous report. 1 The groups were similar except that PBSC recipients were more likely to receive TBI for conditioning and growth factor to promote hematopoietic recovery and less For personal use only. on July 20, 2017. by guest www.bloodjournal.org From likely to undergo transplantation for CML in first CP or to receive methotrexate and cyclosporine for GVHD prophylaxis.
Chronic GVHD
A total of 401 BM and 208 PBSC transplant recipients were evaluable for chronic GVHD. Chronic GVHD was significantly higher with PBSC recipients (RR ϭ 1.65; 95% CI, 1.28-2.11; P Ͻ .001), a bigger difference than observed in our earlier report (RR ϭ 1.30; P ϭ .05). The 6-year probabilities of chronic GVHD were 61% and 45% after PBSC and BM transplantation, respectively. Consistent with other reports, 13 among those with chronic GVHD, the severity and pattern of organ involvement were similar in both groups. Chronic GVHD was more frequent in patients 40 years of age or older, regardless of graft type (RR ϭ 1.39, P ϭ .004).
TRM and relapse
This analysis confirms our earlier observation and those of others that TRM was lower after PBSC transplantation for advanced acute leukemia. However, with longer follow-up, TRM did not differ significantly after PBSC versus BM transplantation for advanced CML (Table 1 and Figure 1 ). Consistent with our earlier observation, the risk of TRM was similar after PBSC and BM transplantation for early acute leukemia. However, in this study, TRM was higher after PBSC transplantation for early CML. TRM was higher in patients aged 40 years or older regardless of graft type (RR ϭ 1.64, P ϭ .001). Neither this nor our previous analysis showed significant differences in relapse rates after BM and PBSC transplantation. Chronic GVHD was associated with fewer relapses (RR ϭ 0.57, P ϭ .03) in both groups. All published studies 2-10 report similar relapse rates after PBSC and BM transplantation except a meta-analysis of 9 randomized trials where relapse rates were lower after PBSC transplantation. 11
Overall and leukemia-free survival
The effect of graft type on overall and leukemia-free survival differed by type of leukemia and disease status at transplantation (Table 1 and Figure 1 ). PBSC transplantation for advanced CML was associated with lower mortality (RR ϭ 0.45, P ϭ .03) and higher LFS than BM transplantation. In contrast, mortality was higher (RR ϭ 1.70, P ϭ .01) and LFS lower after PBSC transplantation for early CML. The 6-year probabilities of overall survival for advanced CML were 25% and 33% after BM and PBSC transplantation, respectively. Corresponding probabilities for early CML were 64% and 45%. Our findings differ from that of the recent meta-analysis, [9] [10] [11] in which survival rates after PBSC and BM transplantation for early CML were similar.
Consistent with other reports except one meta-analysis, 11 overall survival and LFS were similar after PBSC and BM transplantation for early and advanced acute leukemia. The 6-year probabilities of overall survival for early acute leukemia were 57% and 55%, respectively; the corresponding probabilities for advanced acute leukemia were 45% and 49%. The early advantage seen with PBSC transplantation in our earlier study for advanced acute leukemia was not maintained with longer follow-up. Causes of mortality were similar in both groups; recurrent leukemia, GVHD, and infection were the most common causes of death.
Lower early TRM after PBSC transplantation for advanced leukemia may have resulted from rapid hematopoietic recovery. Patients with early leukemia have a lower risk of mortality from transplant-related complications in general and rapid hematopoietic recovery may not produce similar measurable early benefits. In early CML, TRM after BM transplantation is already low, leaving little to gain by faster recovery of hematopoiesis, and higher chronic GVHD with PBSC resulted in higher late mortality. The graft-versus-leukemia (GVL) effect associated with chronic GVHD did not produce measurable survival benefits in either group.
Ours is not a randomized study and subject to bias owing to the complex selection criteria that underlie the choice of graft. Because there are relatively few patients with CML and advanced acute leukemia in both treatment groups, our findings should be interpreted with caution. Further, this report represents the early experience with PBSC transplantation. Nevertheless, this is the first report describing long-term outcomes after PBSC transplantation and indicates that although patients with advanced CML may benefit from using PBSC grafts, the same may not be true of patients with acute leukemia or early CML. These findings should be validated with long-term follow-up of patients enrolled in randomized studies. Relative risk of less than 1.0 indicates an advantage for PBSC transplantation (lower risk of adverse outcome) and a relative risk of greater than 1.0 indicates an advantage for BM transplantation (higher risk of adverse outcome).
TRM indicates transplant-related mortality; TF, treatment failure inverse of LFS; AL, acute leukemia; CR, clinical remission; CML, chronic myeloid leukemia; CP, chronic phase; AP, accelerated phase.
*The current report is limited to transplantation centers that provided extended follow-up data on more than 90% of their patients; 100 of 706 patients from 20 centers were excluded. Therefore, the current study includes 606 patients (398 BM and 208 PBSC transplantations).
†Model stratified on use of growth factor. ‡PBSC and BM recipients had similar European Group for Blood and Marrow Transplantation risk score at transplantation.
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BLOOD, 15 DECEMBER 2006 ⅐ VOLUME 108, NUMBER 13 For personal use only. on July 20, 2017. by guest www.bloodjournal.org From Figure 1 . TRM and LFS in patients with acute and chronic leukemia after BM and PBSC transplantation. (A) Cumulative incidence of TRM in patients with acute leukemia after BM and PBSC transplantation adjusted for disease status at transplantation (n, number of evaluable patients; %, the 6-year rate of TRM). (B) Cumulative incidence of TRM in patients with chronic leukemia after BM and PBSC transplantation adjusted for disease status at transplantation (n, number of evaluable patients; %, 6-year rate of TRM). (C) Probability of LFS in patients with acute leukemia after BM and PBSC transplantation adjusted for disease status at transplantation (n, number of evaluable patients; %, 6-year rate of LFS). (D) Probability of LFS in patients with chronic leukemia after BM and PBSC transplantation adjusted for disease status at transplantation (n, number of evaluable patients; %, 6-year rate of LFS).
